The dimension contraction of an injection molding product is determined by mold design and injection operation procedures. The operating parameters that determine the contraction include the cooling waterway disposition, runner size, plastic material temperature, maintaining pressure, maintaining time, mold temperature, and cycle time. In this research, the Taguchi's experimental design is combined with Modlflow of computer aided engineering software for simulation to evaluate the influence of parameters and derive an optimal combination of the above dominant parameters in the design and the operation of injection molding. The Taguchi method suggests minimum experimental trials for optimal design and operating parameter optimizing. The combined methodology was validated with experiments resulting in minimum dimension contraction as expected.
INTRODUCTION
Plastic injection molding has played an important role in mass production as a material processing technology in modern industry. With constant research and improvement, the promotion of manufacturing technology and the enhancement of parts precision have established several manufacturing technologies to replace traditional ones, such as stamping, cutting, casting, forging, and die-casting, and become one of the optimal ways to reduce the cost in modern industrial production.
The general procedure for plastic injection molding contains mold design, mold forming, mold trial and mass production as shown in Fig. 1 . Based on the required injection products to design and make molds, the complete mold is installed on the injection molding machine for mold trials, when the operation parameters for injection should be taken into account for the product quality.
With continuously progressing technologies, the product quality has been paid increasing attention. One of the quality factors for injection molding products is the dimension whose contraction is significantly affected by the mold design and the operation parameters for injection molding, including cooling waterway disposition, runner size, plastic material temperature, maintaining pressure, maintaining time, mold temperature, and cycle time. Numerous designs and operation parameters have caused the difficulty in experiments and analyses. For this reason, to rapidly acquire the mold design and the operation parameters for injection molding have become the key issue. In recent years, Computer Aided Engineering (CAE) has been applied to test the feasibility of various conceptual designs that the mold design, the mold opening, and the mold trial could be predicted in the design stage and further modified to reduce the problem [1] [2] [3] . Nonetheless, the software in computer aided engineering is simply utilized for simulations in order to test various designs and operation results that it is regarded as trial and error. The designs and the operating parameters have to be successively changed for simulations so as to acquire the effects of parameters on the system. In this case, this study combined the Taguchi's experimental design 4 in method with the software of computer aided engineering (Moldflow) for simulations to evaluate the effects of the mold design and the operation parameters for injection molding on the dimension contraction as well as to obtain the optimized combination of designs and parameters. 5 , the professional software integrated with macromolecular injection molding, was considered as the software with complete mold flow analyses and theory bases, including thermoplastic injection molding, gas-assisted injection molding, co-injection molding, and thermosetting injection molding. The entire operation procedure in Moldflow analysis contained importing product mold, grid partition, diagnosing and repairing grid defects, modeling (establishing pouring and cooling systems), selecting analysis mode, selecting analysis materials, setting injection conditions, implementing simulations, and presenting simulation results.
MOLDFLOW ANALYSIS AND TAGUCHI'S EXPERIMENTAL DESIGN

Moldflow Analysis
Moldflow
Basically, the activities of Moldflow analysis can be depicted in Fig. 2 . The Moldflow is just a model or a function that transforms the inputs into the outputs 4 . Shape or material of parts, conditions about processes, etc. which are not desired to control or have been designed (uncontrollable) can be viewed as the characteristics of the system and are modeled in this block. The operational parameters and their variables are described as the inputs and the performances which derive from Moldflow are described as the outputs. That is, the Moldflow model of the "real system" is built and initialized to the exact current state of the production process. The operational conditions are then tested on this model to achieve the objectives.
The Taguchi method
The Taguchi method was initially introduced to quality engineering to arrive at on-line quality control. Before Taguchi's devotion, there was an argument that on-line quality cannot be economically achieved simply through inspection and statistical analysis for improving the products of a poor design. To achieve desirable product quality by design, Taguchi recommended a three-stage process: system design, parameter design and tolerance design 6 .
In the parameter design phase, Taguchi developed orthogonal arrays (OA), interaction tables and linear graphs based on a small number of experimental designs to determine a large number of decision variables 7 . Moreover, he suggested another technique which involves graphing the effects and visually identifying the parameters which appear to be significant.
The application of Taguchi's parameter design in Moldflow
The application of Taguchi's parameter design in Moldflow analysis consists of system modelling, experimental design and simulation and analysis 4 , as illustrated in Fig. 3 . In system modelling, a simulation model is built and the model is then verified and validated using Moldflow. Dominant process parameters are determined in simulation analysis and the parameters are used in experimental design for experimental planning and experimentation. The experimental results are analyzed for deriving optimum parameter settings. 
A CASE STUDY ON INJECTION MOLDING
The above proposed design procedures were validated on a plastic injection mold which produces retaining slides of large-scale stapling machine, Fig. 4 shows the slides and the mold. The key issue in designing a good mold for the studied product is the control of dimension contraction after molding.
IMPLEMENTATION
Following the framework of Fig. 3 , the following procedures are proposed and performed for optimization of mold design and operating parameters.
Moldflow Modeling
A Moldflow model was built in accordance with the mold detailed in grid partition, diagnosing, repairing grid defects, establishing pouring and cooling systems, selecting analysis materials, and setting injection conditions. Fig. 5 shows the simulation results which illustrate the effects of cooling, contraction, and molecular chain orientation on dimension variation. The simulation results are quite similar to that by experimental trials. It is validated to the use of the Moldflow simulator. 
Experimental Design
The results obtained from Moldflow simulation were proceeded with Taguchi's experimental design for design and parameter optimization. The aim of the optimization is to arrive at a minimum dimension contraction in production.
Analytical and simulation results suggested the following operating parameters are to be examined: selected waterway disposition, runner size, plastic material temperature, maintaining pressure, maintaining time, female mold temperature, male mold temperature, and cooling time. It can be anticipated that obtaining an optimum solution from the many factor is a tedious task. Hence the Taguchi's method can be applied. Each factor is divided into 2 or 3 levels as tabulated in Table 1 .
Since the cooling temperature distribution and time could affect the contraction, the cooling design of the mold was taken into account that the waterway disposition was selected 2 in 2 out and 4 in 4 out.
As the runner size could affect the maintaining pressure, the cooling speed was fast when the runner diameter was small. In order to keep the maintaining pressure, the runner diameter was taken into consideration that the diameters of 1mm, 2mm, and 3mm were selected.
When the plastic material temperature was high, it was easy to maintain pressure and the contraction rate could be increased. The temperature therefore was selected 185 ℃ , 200℃, and 215℃.
With higher maintaining pressure, the specific gravity of the product was likely to increase and the contraction rate would be decreased. In this case, 80%, 120%, and 160% injection pressure were selected as the levels of the experimental parameters in this study.
Having completed mold impression filling, the time when the injection machine still put pressure on the mold was called maintaining time. Maintaining pressure aimed to maintain the dimension precision of the elements that this study took 1 second, 5 seconds, and 9 seconds as the levels of the experimental parameters.
When the mold temperature was close to the resin temperature, the crystallization of resin was better that the most stable temperature for the product dimension was between 60 ~ 80 0 C. When the mold temperature was high, the mobility of plastic material was better and the quality of the product was favorable, but the molding cycle would be prolonged. In this study, both the female and the male molds temperature were set 60℃ with the options of 30℃ and 90℃ as the levels of the experimental parameters.
The cooling time was 80% of the molding cycle, as the time should be short to reduce the cost. Nevertheless, the cooling time should be increased to maintain the product quality that 1 second, 5 seconds, and 9 seconds are selected.
The orthogonal array of L 18 was selected as shown in Table 2 . The operational factor were placed in column A-H, based on the interaction tables or linear graphs 7 .
Experimental Result and Analysis
Aiming at the trial numbers in Table 2 for simulations, the contraction amount of the product is recorded. According to the experimental result, the contraction amount is between 0.95mm and 1.25mm in the 18 experiments.
In consideration of the effect of various operational factors on the contraction amount, the level of the 1-9 experiments presented level 1 in the experimental process of waterway disposition(A) to the dimension contraction and the mean of the contraction is shown as Eq. (1) 
Similarly, the levels of other factors to the mean dimension contraction could be obtained as shown in Table 3 .
In regard to the dimension contraction, the change amount of dimension was decreasing on Waterway disposition (A) and Cooling time (H), as the cooling water could efficiently cool the mold and rapidly reduce the temperature of the plastic material filled in the mold. When the plastic material was in lower temperature, the thermal expansion coefficient was small that the dimension contraction was less. Besides, when the cycle time was long, the product stayed longer in the mold and the outer of the product was fixed by the mold that the dimension contraction was reduced. In terms of the quality characteristic of the dimension contraction on X, the best factor combination was regarded as A2B2C1D2E1F1G3H3. That is, the best factors for contraction were waterway disposition (4 in 4 out), runner size (2mm), plastic material temperature (185℃), maintaining pressure (120％), maintaining time (9 seconds), female mold temperature (30 ℃ ), male mold temperature (30℃), and cooling time (40 seconds).
The best factor combination was further proceeded the experiment. The experimental results are 0.95mm dimension contraction. 
CONCLUSIONS
This study aims to study the mold and the parameters for injection molding to the dimension contraction of products. The control factors of waterway disposition, runner size, plastic material temperature, maintaining pressure, maintaining time, female mold temperature, male mold temperature, and cooling time are experimented with the Taguchi's orthogonal array design to acquire the optimized factor level combinations. The conclusions are made as below:
1. Having the in Taguchi's orthogonal array for experimental planning could largely reduce the times of experiments. With large-range and primary analyses, the optimal solution could be obtained and the analysis is simple and convenient. 
